Background
It has been unclear what the optimal management is for postmenopausal women with oestrogen receptor (ER)-positive advanced breast cancer that has developed resistance to non-steroidal aromatase inhibitors (NSAIs) [1] . Clinical studies have shown that endocrine agents with diff erent mechanisms of action, such as the steroid aromatase inactivator exemestane or the steroidal selective ER down-regulator fulvestrant, can induce responses in this setting. In a prior randomised phase III study in this setting (EFECT) no signifi cant diff erence was observed between fulvestrant and exemestane, with a median progression-free survival of only 3 months [2] .
Pre-clinical studies to investigate mechanisms of resistance to oestrogen deprivation have demonstrated persistence of an active ER pathway [3] . A number of intracellular signalling pathways may 'cross-talk' and activate ER, including the human epidermal growth factor receptor (HER) family pathway [4] , and the phosphatidylinositol 3-kinase (PI3K)/Akt/mammalian target of rapamycin (mTOR) pathway [5] . Th is has led to much interest in the concept of combining various growth factor receptor antagonists or signalling inhibitors with aromatase inhibitors to enhance endocrine responsiveness and delay, or even reverse resistance. To date, attempts to combine aromatase inhibitors with the epider mal growth factor receptor tyrosine kinase inhibitor (TKI) gefi tinib or the HER2-targeted TKI lapatinib in ERpositive HER2-negative breast cancer have been disappointing in unselected patients [6] [7] [8] [9] , with success only seen when there is known dual target expression (that is, ER+ HER2+) [9, 10] .
Signifi cance of BOLERO-2
Th e success of the recent BOLERO-2 study, therefore, represents a signifi cant development in this fi eld [11] . In this phase III randomised trial, 724 patients with ERpositive advanced breast cancer were enrolled, all of whom had evidence of recurrence or progression while receiving prior NSAIs. Of particular note, 84% of patients had evidence of prior hormone sensitivity, such that BOLERO-2 addressed the treatment of ER-positive breast cancer that had developed acquired endocrine resis tance to NSAIs. Th e response to exemestane alone as the control arm was very similar to the data seen in the previous EFECT study [2] , namely a median progressionfree survival (centrally assessed) of only 4.1 months. In contrast, those treated with the combination of everolimus and exemestane had a median progressionfree survival of 10.6 months. Th e objective response rate was signifi cantly better for the combination (7% versus 0.4%, P < 0.001), although there were a greater number of grade 3/4 adverse events, in particular stomatitis (8% versus 1%).
Not only was the magnitude of the clinical benefi t seen for the addition of everolimus very substantial, but this trial, together with the related phase II TAMRAD study, correctly identifi ed the best group of patients to target with the combination [12] , namely those with acquired endocrine resistance following prior hormonal responsive ness. Pre-clinical experiments had already told us that PI3K/Akt/mTOR intracellular signalling can become activated during long-term oestrogen deprivation [3] , a situation that may be replicated in a treated ER-positive
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Stephen RD Johnston* So why did the previous fi rst-line study of letrozole combined with the mTOR inhibitor temsirolimus in ERpositive advanced breast cancer, where 56% patients had no prior exposure to endocrine therapy, fail to demonstrate additional benefi t [13] ? Th e absence of the activated pathway in many untreated hormone-sensitive ERpositive breast cancers probably means that the addition of an mTOR inhibitor at that stage is highly unlikely to produce greater anticancer eff ects over an aromatase inhibitor alone. Moreover, blockage of the pathway from the outset may just allow other intracellular signalling adaptations to occur over time. Th is was well illustrated in pre-clinical experiments with trastuzumab and letrozole in an MCF7 HER2-negative xenograft model where co-treatment up front failed to improve on tumour control compared with letrozole alone, and yet by contrast co-treatment at the time of relapse on letrozole demonstrated that the addition of trastuzumab was highly eff ective in overcoming endocrine resistance once it was established [14] . Th e lesson is clear in the fi rst-line setting -unless the tumour cells have switched the signalling pathway on, combined therapy will not work. In contrast, at the time of relapse on endocrine therapy tumour cells may have become primed to respond better to combined therapy.
V I E W P O I N T

Implications for clinical practice
It is quite likely that the combination of exemestane and everolimus will become a new approved standard of care in this advanced breast cancer setting given the magnitude of the additional clinical benefi t seen in BOLERO-2. Th e key issue for clinical practice will be whether clinicians will select the most appropriate patients for this therapy, and in particular choose only those with prior hormone-sensitive breast cancer that has developed acquired resistance to NSAIs. In my view, it would be inappropriate to translate the fi ndings from BOLERO-2 into a new fi rst-line treatment option for all ER-positive patients, regardless of prior exposure to NSAIs. Th e negative fi rst-line studies cited above indicate that very few (if any) untreated ER-positive tumours may benefi t from the combination upfront -the caveat to this, however, is that there will probably be a few untreated ERpositive tumours that may already have an activated pathway that could cause 'de novo' endocrine resistance, and these cases could respond very well to the combination. In the neo-adjuvant study of letrozole plus everolimus, some patients had ER-positive tumours with activated PIK3CA mutations, and in these tumours the combination of letrozole plus everolimus had a significantly greater anti-proliferative eff ect than letrozole alone [15] . More research on biomarker selection is needed to confi rm these fi ndings in untreated ER-positive breast cancer. In the meantime, however, BOLERO-2 has given us new hope that we can overcome endocrine resistance in breast cancer.
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